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Korean Ginseng and Diabetes: An Insight into Antidiabetic Effects of
Korean Ginseng (Panax ginseng C. A. Meyer) in Cultured Cells,
Animal Models and Human Studies

Seong Ho Seo, Gun Kook Park, and Jong Dae Park*
R&D Center, REBIO Co., Ltd., Seoul 06181, Korea

Abstract — Diabetes mellitus, commonly known as diabetes, is a group of metabolic disorders characterized by high blood
sugar levels over a prolonged period. Diabetes has been found to show many acute complications such as cardiovascular dis-
ease, stroke, chronic kidney disease, foot ulcer and damage to eyes. Korean ginseng (Panax ginseng) has been traditionally
known to normalize the functional deficiencies of the lung, spleen and stomach, and thus improve the secretion of body fluids,
thereby quenching thirst, suggesting it to be effective in the treatment of diabetes. Experimental studies (in vitro and in vivo)
have recently shown that Korean ginseng and its extracts exhibit antidiabetic effects, and also insulin secretion and sensitizing
effects related to blood glucose control. Moreover, clinical trials on antidiabetic effects of Korean ginseng have been reported
to show blood glucose control, improvement of insulin resistance, reduction of postprandial blood glucose level and improve-
ment of serum lipids (TG, TC, LDL-C). These will be critically examined by means of in vitro studies, cell experiment, animal
models and human trials with a focus on understanding of molecular mechanisms.
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Table I. Antidiabetic effect of ginseng and its components(in vitro)

o] =(ginsenosides: G)E°] &= A4S Uepl= Ad5
, T8 A=

Table [0 2.5}

Ginseng types

Cell line

Effects and possible mechanisms

Reference

Mice pancreatic islets

- Insulin secretion, B-cell proliferation (1)
- Improved IRS2 induction

Park S. M. et al.,
(2008)""

G-E
. - Inhibited lipolysis Wang H. et al,
Rat adipocytes - Activation of phosphodiesrase(PDE4) (2006)180)
Yoon % H. et al.,
. . . (2008)'”
KRG-E Rat pancreatic islets Insulin release (1) Kim K. et al,
(2008)"?
- Cytokine-induced beta-cell apoptosis ()
G-E B-cell line - NO, ROS production ({) Kim H. Y. & Kim
(MIN6NS cell) - p53/p21 expression, cleavage of caspases and K., (2007)]’)
poly(ADP-ribose) polymerase(PARP) ()
RINmSF - Prevention of STZ-induced pancreatic beta-cell damage Yuan H. D. &,
FG-Ex insulinoma cells - Inhibition of NF-kB signal pathway Chung S. H.,,
- INOS, COX-2, TNF-a. (2010)'8"
- Glucose uptake (1), GLUT1, GLUT4 (1) Seo Y. S. et al.,
BG-Ex C2C12 myotubes - p-IRSI, p-AMPK, p-mTOR (1) 2016)"
. . Park S. et al.,
MING6NS cells Insulin secretion (1) (2008)'
- Glucose uptake (1)
3T3-L1 adipocytes - GLUT4 translocation (1) (S;gggg)zy et al,
GRbI - IRS-1, PKB, PI3K (1)
i . ~UCP-1, PGC-1a. and PRDM16 (1) Mu Q. et al.,
3T3-L1 adipocytes - PPARy activity (1) 201 5)37)
- High glucose-induced increase of fibronectin expression (| ) Park M. . et al
Rat mesangial cells - Increase of fibronectin: a hallmark of diabetic nephropathy (2010)48') ’ N
- The inhibition of MAPK-Akt signaling cascade
G-Rb2 At hepatoma cell line - Hepatic gluconeogenesis (| ) Lee K. T. et al,
(H4IIE cells) - Activation of AMPK (2011)2"
- Glucose uptake (1) Lee M. S. et al,
G-Re C2C12 myotubes - Actvation of AMPK, p38 MAPK 2010y
. - Glucose-stimulated insulin secretion and cell viability (T) Park S. M. et al,,
Min6 B-cells - Activation of a PKA (2008)""
G-Rbl, Rgl Rattus pancreatic - Regulation of apoptosis-related genes
: . ; Chen F. et al,
B-cell line Rin-mSF Cells, - Rbl: Caspase-3 gene expression () (2012)19)

(25 mM)

- Rgl: Fas gene expression ()
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Table 1. Continued
Ginseng types Cell line Effects and possible mechanisms Reference
Pancreatic B-cells - Palmitate-induced B-cells apoptosis () Kim K. et al.,
G-Re3 (MING6NS) (Modulating p44/42 MAPK  activation) (2009)"*
-Re3 i
I[;I_T:;ter pancreatic - Insulin secretion, AMPK activation (1) fzaélggl)\/lls.) W.etal,
3T3-L1 adipocytes - Adipocyte differentiation () Hwang J. T. et al.,
(20-80 mM) - AMPK (1), PPARy (1) (2009)"”
- Effects in insulin secretion and AMPK activation: 20(S)-Rg3  Park M. W. et al.,
C2C12 myotubes > 20(R)-Rg3 (2008)15)
- Insulin mgnahqg and glucose uptake (1) Kim M. et al.,
G-Rg3 L6 myotubes - phosphorylation of IRS-1 and Akt (1) (2009
- IRS-1 protein levels, GLUT4 mRNA (1)
- Glucose uptake (1)
. - GLUT4 translocation (1) Huang Y. C. et al.,
3T3-L1 adipocytes - Activation of AMPK and PI3K pathway (2010)*”
- TG accumulation ()
- Glucose uptake (1)
. - GLUT4 translocation (1) Huang Y. C. et al.,
3T3-L1 adipocytes - Activation of AMPK and PI3K pathway (2010)*”
- TG accumulation ()
HIT-T15 cells and primary . . Han G C. et al,,
Comp-K cultured islets Insulin secretion (2007)'
. Kim K. et al.,
NCI-H716 GLP-1 secretion (1) 2014y
MING6 pancreatic B-cell - Insulin secretion, GLT2, cellular ATP (1) (Gzl(l)l';')ﬁf al,
- Hepatic gluconeogenesis () Meng F. et al.,
G-Rb3 HepG2 cells - AMPK activity (1) 2017y
Human HepG2 - Hepatic glucose production ( 1) Quan H. Y. et al,,
hepatocytes - activation of AMPK (2012)™
G-R - i
e . Glucgse uPtake, GLUT4 expression (1) Zhang 7. et al.,
3T3-L1 adipocytes - Insulin resistance () (2008)36)
- Expression of JNK and NF-kB activation ()
- Hepatic glucose production () .
G-Rgl HepG2 cells - Glucose-6-phosphatase (G6Pase) and él(;?ofz's)l et al,
- phosphoenolpyruvate carboxykinase (PEPCK) activities (! )
. . - Glucose uptake, GLUT4 (1) Lee O. H. et al,
G-Rg3, Re 3T3-L1 adipocytes - Expression of IRS-1 and PI3K-110a protein( ) (2011)’0)
G-Rk1, Rg5 . - Amelioration of insulin resistance (endoplasmic reticulum Ponnuraj S. P. et
mixture 3T3-L1 adipocytes stress conditions) al., (2014)4')
Comp-K - Glucose transport rate: Comp-K(T), G-Rgl(]) Chang T. C. et al,
G-Rel Caco-2 cells - Nat/glucose cotransporter 1 (SGLT1) (2007)31)
& - Gene expression: Comp-K or G-Rgl (1)
- Lipid droplet accumulation, TG content (1) .
G-RgS, RKL 305 11 adipocytes - STAT3, PPARy and CEBPo. Simy, 8. Y. et al,
mixture . . (2017)
- Protein expression ()
Malonyl - Glucose consumption (1) Qiu S. et al,
ginsenosides -0 myotubes - AMPKa2pBl1yl (1) 017)*?

*G-E: ginseng extract; KRG-Ex.: Korean red ginseng extract; FG-Ex.: fermented ginseng extract; BG-Ex.: black ginseng extract;
Comp-K; compound K; IRS2: insulin receptor substrate-2; STZ: streptozotocin; NF-kB: nuclear factor-«B; INOS: Inducible nitric
oxide synthase; COX-2; prostaglandin-endoperoxide synthase-2; TNF-o; tumor necrosis factor alpha; GLUT: Glucose transporter; p-:
phosphorylated-; IRS1: Insulin Receptor Substrate-1; AMPK: adenosine monophosphate (AMP)- activated protein kinase; mTOR:
mammalian target of rapamycin; PKB: protein kinase B; PI3K: phosphatidylinositol 3-kinase; UCP-1: uncoupling protein, PGC-1a:
Peroxisome proliferator-activated receptor gamma coactivator 1-alpha; PRDM16: PR domain containing 16; PPAR-y: peroxisome
proliferator-activated receptor gamma; MAPK: mitogen-activated protein kinase; TG: total glycerin; GLP-1: glucagon-like peptide-1;
STAT3: signal transducer and activator of transcription 3; CEBPa: CCAAT-enhancer-binding protein-a;; ( 1): stimulatory effect; (1 ):
inhibitory effect.
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coactivator 1a(PGC-1a), hepatocyte nuclear factor-4o(HNF-
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il
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o] 24312 B4l W E Aoz ARG 2™ Caco-
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¢l CKE v &2 213 8942 B39 G-Rgl
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(SGLTI)= 9] AZel T 4FHE Fgdepd ™ 2
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2hA W SGLT1 3 7S AaAZ F U= 14 A
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A1 SGLT1 37t HaS Ao = ) I=F FF
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G-Rb1(10 M) 2= FFE S 77| 3L uncoupling
protein-1(UCP-1), PPARy coactivator 1a(PGC-1at), PRD1-
BF1-RIZ1 homologous domain containing 16(PRDM16)<]
mRNAS] W] &3 28|31 PPARy Ha9] F52 Ea) A
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Table II. Antidiabetic effects of ginseng and ginseng extracts(in vivo)

Ginseng type Animal model/dose

Effects and possible mechanisms

References

- Fasting blood glucose levels ()

Ginseng rdaix KKay mice - Intestinal glucose absorption () Chung S. H. et al.,
and rootlet (500 mg/kg, po, 4 wks) - Hepatic glucose-6-phosphatase (| ) (2001)7(’)

- PPAR-y expression (1)

- Insulin sensitivity, AMPK activation (1)
KRG (OZBOETrEg;I?S 0, 40 wks) - Body weight, visceral fat mass () éegog)lél)']' et al,

& PO - Expression of PPAR-y,-a. and GLUT4 (1)
STZ-lndp ced diabetic rats - Alleviating the mRNA levels of retinopathy-related Yang H. et al,
KRG with retinopathy 163)
genes (2016)

(200 mg/kg, po, 10 wks)
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Ginseng type Animal model/dose Effects and possible mechanisms References
KRG-Ex db/db mice - Blood glucose level and insulin resistance (| ) Park M. Y. et al,,
) (0.5% of diet) - Liver PPAR-a. and adipose tissue PPAR-y expression (1) (2005)79)

KRG-Fx STZ-induced T1D mice model - Blood glucose levels () Hong Y. J. et al,
) (25mg/kg, po, 2 wks) - Restored insulin secretion and immune function (2012)50)
- OGTT: blood glucose level, HbAlc, AUC (),
FG-Ex C57BLksJ-db/db mice adiponecﬁn and serum insulin (T) Jeon \é\i J. et al,,
’ (0.1% of diet,, po, 8 wks) - PPAR-y2, GLUT2 mRNAs (1), TNF-o. and (2013)*?
lymphocytes in pancreas ()
- Fasting glucose and postprandial glucose level,
Plasma insulin, HOMA-IR () .
Ginsam 8]60ET§0(r)at§1 g/kg, po, 8 wks) - Overall glucose excursion, glucose AUC () 8(1)1‘(1)9%4)& al,
» & po, & W - PPAR-y ,GLUT2, GLUT4 (1)
- AMPK phosphorylation (1)
- Blood glucose level (1)
T2D-rat model - Adipose tissue: GLUT4 (1), PTP-1B (1) . .
KRG-Ex. (Goto-Kakizaki rats) - Skelectal muscle: PTP-1B () Elm(;é'le)SzX)& Kim
(200 mg/kg, po, 12 wks) - Pancleata: insulin secretion (1), Bax (1), UCP-2 (l), ”
Cleaved PARP ()
- Fasting blood glucode level ()
KRG C57BL/Ks] db/db mice - Insulin, insulin resistance index, HbAlc () Yuan H. D. et al,
(100 mg/kg, po, 10 wks) - Adiponectin and leptin level (1) (2008)*
- AMPK and acetyl-CoA carboxylase(ACC) posphorylation (1)
HFD-induced metabolic - Intracavernosal pressure(ICP)/mean arterial pressure Kim S. D. et al.,
KRG-Ex. syndrome rat model (MAP)(%) (1) (2013)™
- ¢cGMP levels of the corpus cavernosum (1)
STZ-induced T1D mice model
KRG-Ex and T2D mice model(db/db - Improvement of auditory functional damage in type 2 Hong B. N. et al,,
) mice) diabetic mice than in type 1 diabetic mice model (2013)86)
(100, 200 mg/kg, p.o, 8 wks)
HFD-induced obese mice(KRG
KRG 500 mg/kg, po; rosiglitazone - OGTT: glucose AUC (1) Oh M. J. et al,,
(ROSI): 15 mg/kg bw, po, - AUC lowering effect: KRG + ROSI > ROSI 2017)°"
4 days)
KRG SD rat (200 mg/kg, po, 10 wks) - Gene expression related to retinopathy () é%“lg@lﬂeg) et al,
- Fasting blood glucose, HbAlc, insulin, and LDL-C ()
KRG C57BL/KsJ db/db mice - mtDNA copy number (1) Park J. K. et al,
(100 mg/kg, po, 12 wks) - Inflammatory marker (IL-6, COX-2, and C-reactive protein) (2018)"
expression levels ()
Old-aged ob/ob mice (drinking - Body weight and blood glucose levels () Cheon J. M. et al
FRG water containing 0%, 0.5%, and - mRNA expressions of IR, LPL, GLUT1, GLUT4, 01 5)85)' ’ ?
1.0% FRG 16 wks) PPAR-y, and PEPCK in the liver and in muscle (1)
- Water intake and urine excretion ()
- Serum glucose, serum glycosylated protein and urinary ~ Kang K. S. et al.,
SG-Ex STZ-induced diabetic rat protein levels () (2006)51) &
’ (50,100 mg/kg, po, 15 days) - AGE formation, TBARS levels in the kidneys of diabetic Kang IE. S. et al,
rats (1) (2013)"
- Expression of COX-2, iNOS, Nf-kB ()
BG C57BLKS/J-db/db mice - Fasting blood glucose level () Kang S. J. & Kim
(300 mg/kg, ip, 6 wks) - Serum insulin level () A. 1. 201172
g, 1p
- Hyperglycemia (| ), insulin/glucose ratio (1)
BG-Ex STZ-induced diabetic mice - Improved islet architecture and B-cell function Kim J. H. et al,
) model (200 mg, ig, 5 wks) - The inhibition of B-cell apoptosis by suppression of (2016)"”

Nf-kB signaling pathway in the pancreas
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Table II. Continued

Ginseng type Animal model/dose Effects and possible mechanisms References

- Fasting blood glucose level (| ), improved glucose

i fohefic mi tolerance
BG-Ex. STZ-induced diabetic mice - HBAIc, TG and T-C (1) (S;(;)l;().M)S. et al.,

(300, 900 mgfkg, po, 5 wks) 560 PEPCK (| ); GLUT2, GLUT4, Sirt6( 1 ); ACO,
CPTla, MCAD (1)

BG-Ex HFD-fed mice - Food intake (), BW gain (!) Lee M. R. et al.,
: (1, 3, 5% diet: po, 12 wks) - Fat accumulation(liver) (| ), liver lipid(|) 2013y

PRG STZ-induced diabetic rats - Fasting blood glucose levels () Kim S. H. et al,,
(500 mg/kg, po, 7 wks) - Serum insulin level (1), TG levels (1) (2008)”

HFD-fed rats - Body weight, fat mass () Lee S. H. et al,
KRG (200mg/kg, po, 18wks) - Insulin sensitivity and insulin signalling (1) (2012)70)

OLETF rats - Expression of AMPK; ACC, PPARa and glucose Lee H. J. et al.,
(200 mg/kg, po, 32 wks) transport (GLUT)-4(in Skeletal Muscle and Liver) (1) (2007

G-Ex STZ-induced diabetic rats (10, - Body weight loss (!) Lim B. V. et al,
’ 50, 100, 200 mg/kg ip, 3 days) - Cell proliferation in the dentate gyrus (1) (2002)’7)

. o - Suppression of STZ-induced inhibition of c-Fos
STZ-induced diabetic rats . . .
G-Ex. (10~100 mg/ke, ip, 5~10 days) expression(hippocampus CA region) (c-Fos : a marker
& 1P, Y in the metabolic activity of neurons)

Jang M. H. et al,
(2003)™

- Ameliorated diabetes-induced renal dysfunction

STZ-induced diabetic rats Kim C. S. et al,,

KRG (25-100 m/ke, po, 6 wks) - Urea al.bumm, 8-OHdG, AGE and a-SMA expression(in (20]7)62)
renal tissue) (1)
PG Fructose-rich diet rat - Glucose, insulin level( | ), insulin sensitivity (1) Liu T. P. et al.,
(125 mg/kg, po, 3 days) - Delayed the development of insulin resistance (2005)69)
- Body fat mass gain (| ); fatty acid oxidation (1);
PG High-fat (HF) diet-fed improved glucose tolerance Li X. t al,
mice(0.5g/kg diet) - Insulin sensitivity (1), plasma insulin and leptin (1)  (2014)*"
- Expression of C/EBPa and PPARy ()
PPG-Ex HFD-fed ICR mice - OGTT: fasting plasma glucose, insulin and HOMA-IR (! ) Yuan H. D. et al.,
. (300 mg/ kg, po, 5 wks) - Phosphorylation of AMPK and GLUT4 expression (1) (2011)"
HFD mice - BW gain (! ), epididymal fat (| ), adipocyte size () Vuan B D. et al
PPG-Ex. (75 mg/kg, 150 mg/kg , and - FBG (), insulin (! ), HOMA-IR (l) (2012)72') ) ”
300 mg/kg, po, 5 wks) - Muscle p-AMPK (1), p-ACC (1), GLUT4 (1)

- Levels of plasma glucose, insulin, TG, TC ()
HFD-induced mice - Phosphorylation of AMPK and acetyl-CoA Yuan H. D. et al

GL-EX. carboxylase (1) 95)
(250, 500 mgfkg, po, 8 wks) . PPAR-o. and CD36 expression (lipogenesis and fatty (2010)

acid uptake gene) (1)
ob/ob mice(i.p: 100, 200 mg/ - Fasting blood glucose levels ()

TGCG kg; po : 150, 300 mg/g, - Improved glucose tolerance élgogjw]; et al,
12 days) - Body weight (!)
Aged C57BL/6 (15 months old) - Serum insulin and HOMA-IR levels (! ) Seo E. et al
GB-Ex. (0.05% of diet, po, 24 or - Phosphorylation of IRS-1, Akt (1) 201 5)]02) v
32 wks) - Expressions of FOXO1 and PPAR-y (1)

*KRG: Korean red ginseng; KRG-Ex.: Korean red ginseng extract; FG-Ex.: fermented ginseng extract; ginsam: vinegar extract from
Panax ginseng; SG-Ex.: heat-processed Panax ginseng extract at 120°C; BG-Ex.: black ginseng extract; G-Ex.: ginseng extract; PG:
Panax notoginseng; PPG-Ex. : Pectinase-processed ginseng extract; GL-Ex.: Ginseng Leaf Extract; TGCG: total ginsenosides in
Chinese ginseng; GB-Ex.: ginseng berry extract; OGTT: oral glucose tolerance test; HbAlc: glycosylated hemoglobin, AUC: area
under the curve; HOMA-IR: homeostasis model assesment of insulin resistance; PTB-1B: protein tyrosine phosphatase 1B; Bax: Bcl-
2-associated X protein; UCP-2: Uncoupling protein-2; ROSI: Rosiglitazone; PEPCK: phosphoenolpyruvate carboxykinase; AGE:
advanced glycation endproduct; TBARS: thiobarbituric acid-reactive substances; ACO: acyl-CoA oxidase; CPTla: carnitine palmitoyl
transferase 1a; MCAD: mitochondrial medium chain acyl-CoA dehydrogenase; (1): stimulatory effect; (| ): inhibitory effect.
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I=2 NAAx 7= EF7F AXFATHS Xie IT S5 H]Y
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ofgk Aste} A Ql&EH AFAe] A EQ! HOMA-IR 3]
o] fogt A4S AT T3 GBE= 73] =]
e AR, -0 Z52F A Qed s
o] #+oJ&}= IRS-13} protein kinase B(AKT) T2 we]
3 wslet QlEd AP B fHx dMEE gzl
FOXO13} PPARy TP & W w= Z71=|Qdc). o]#f g Az}
ZHE GBE F9& IRS-13 AKTS] &48 S7HAA =
Buke-2o A Qled NS JHAAIZI=E 71 Eke A
o7 oAAMT™ vk giw C57BL/6J ob/ob HH-20]
A1 GBEF] (150 mg/kg, ip, 12¥) Fol= A4 e #4
sto] 2 Aol AAs] A= AT B A W&
I AL F93 F7kot ZY2HE A a3E BATH
A4 Qo FEE] 4 AR T GRe7t I FEol
&g ke Ao 7FEUn”Y uA o] &
= ¥)vhke-2(C57BL/6)I A GBE
olAH|o]E #-3](GBEF)S 20, 50 mg/kgd#HO 2 4
TR A3}, 38 9 FAE HaA7|L 28
MAAFATE T JIA7]5 ArKY-FIZ, 75 3|9
2 R AAHgE A3k GBEF A2 vk A
70| FEJAL, ¥ ZZo|A AChE 2743 MDAS|
] 2N
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FE BEke 22524 A ZH)AFEY (crude saponin)
olgfal: s, UFo] Al EFEZA] o] FoA= Y]
EAE E9=o] vk Ak = i 50~60%
), ool th3t W FIAE AT Table 119]
o] WA d=g HAHE 28 d wA
Itk ] FoZ frse 9=H
Fol B34S AR 5% 4=
P Z=(LETO rats®} OLETF rats)l|
A Fo] Fargha ket o] FA= tixatel H]
3 AaEAnt. 3 sGPTeF EH|=EHE EPlee AbEd
= FofollA Folsl astar, AN s
do] I E ST |24 QAR Fol= T4
fehE HAZ frsle Tl M-S A= =0l
d 5o glog ARG @i Fateldt Wit 54
AR 7 EAR3E A AFE T2 malonyl ginsenosides
(MGR)?] dg=a3s ZARINT IAW = STZ # %=
Fix B0 MGR ©71(120 mgkg, iv, 4Y) =& T F
(50, 100 mg/kg, ip, 3 )= F5A] Fie} Jded
N ZAE Byl

IHE TMAfO|=S| Satet B JI1™ - Q3 o] &
71| 21Hel w1980 o] F & 2l A A
Aol =o] thet ah A8 1 FA A gk A7t
FHLIH =S A57EA 9] F8 AFAAE Table
el 8.oFsteic.

+ G-Rb1: Ao 281 vhg-2 meloA G-Rbl
(10 mgkg, ip, 19)= &5 9, 2= WA 749 11p-
Hydroxysteroid dehydrogenase type I(11-HSD1)2] A&
Bl JdEd A A= E2FE B db/idb
mice?l )%= G-Rbl F1(20 mg/kg, ip, 14¥)e <l&=d A3
A HOMA-IR)YS frelsiAl THAIZAL, T HAI 3 (FBG),
F8 914 (fasting insulin; FINS)®] 747432 Bt
Ao BIYE w204 G-Rb1(10 mg/ke, ip, 45 )=
S, AL, AR &S S7MFHL, 54 8
o FHAS JHAAAHAT o213 & 3= G-Rble] PI3K/
Akt A5 ARE BA3e} Aol A 2853 A7
E] = (Neuropeptide-Y:NPY)2] F-APEA-S A5t &
HE Aoz AR vl F(lean rats)?} HIFE ] G-
Rb1F] (10 mgkg, ip, 5¥)e =T U= d&dd A
< JNAsATE B3 7HA] phosphoenolpyruvate carboxy-
kinase(PECK)2} glucose-6-phosphatase(glu-6-pase)] mRNA
TAS Ao R xud ALHS AETh H5o] G-
Rb1:> AMPK <l4kslel GLUT4 28-S S7HA F22
AN T F5E XA of&y olgfg a3te] #Ab
7S G-Rbl& AMPKAIZ ] 519] 4] #AR] TBCID4
i F o] Qliks)l F7HE 3 AMPK €/dslol sl 2
He Aog ARG

2
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Table III. Antidiabetic effect of ginseng saponin mixture and ginsenosides(in vivo)

Kor. J. Pharmacogn.

Ginseng types Animal model (ginseng dose) Effects and possible mechanisms References
- Fasting blood glucose( | ), improved glucose tolerance and
. insulin resistance.
iE]T)_ &e Eiz ‘?5‘?) SlTS%'l;C;/ulc{ed iTZDM - TC, TG, LDL-C (1) Deng J. et al,
s or?ilr?s 4 wl;s) ’ & P - Pro-inflammatory cytokines(TNF-a and IL-6) in serum (2017)'25)
P level and gene expression in liver level ()
- SOD (1) and MDA () in the serum
HFD induced obese rat - Insulin sensitivity, whole-body glucose uptake, glycogen
IS synthesis (1) Shen L. et al,
(Llea;giats(ismgag; ‘:;et) . AMPKa phosphorylation, GLUT4 levels, and TBCID4  (2015)'®
& b Y phosphorylation (1)
HFD-fed Long-Evans rats + Hepatic .fat a<.:cur.nulat1.on () Shen L. et al,
(10 mglke, ip, 4 wks) - Fatty acid oxidation via (1) (2013)133)
& b - CPT-1 activity (1)
G-Rb1 Libitum—fed rats and HFD- - Libitum—fed rats (Acute Rb1 administration, = 5 mg/kg,
. ip): food intake ()
;“g“‘;edl gbesezgats ((]}(‘3'31’ ‘t) - HFD-induced obese rats (G-Rbl 10mg/kg, ip): food intake Xiong Y. et al.,
a(‘ir;linyistra;tizg ip)m agr/l dg’l’ Oac;ge/ and body weight gain, body fat (1), FBG BG glucose (2010)"™
. ’ AUC, PI (1)
ke, ip, 28 days) - Activation of PI3K/Akt signaling pathway
HFD-induced mouse model for Fas.tltng bl(zold) glucose, glucose tolerance and insulin Song %h)et al,
. resistance
T2D (10 mg/kg, ip, 1 wk) - LB-HSDI () (2017)
- Improved glucose tolerance, decreased hepatic lipid
G-Rb2 C57BLKS/J-db/db mice accumulation Huang Q. et al,,
(10 mg/kg, ip, 4 wks) - Restored hepatic autophagy (2017)”0)
- Expression of Sirt]l and phosphorylation of AMPK( 1)
. - Levels of the antioxidants in serum and myocardium:
D e 40 T2 000 0 i CAT (1), MDA (1 T
ip, 12 wks) T & . Attenuated myocardial apoptosis: caspase-3 (! ), Bel-xL (2015)“3)
i [@D)
Hich fat and suear diet - Improved the parameters of cardiac function: LVEF, LVFS
Soinduen damatic and E/A (1); and LVEDD or LVPWD (1) Yu H. et al,
(10 -inS uzcg mg?kge 1icpra1s2 wks) - Reduced myocardial lesions: apoptotic myocardial cells (2016)'"?
b b >l b ( l )
HFD-mice : I.Jastllr.lg blo.o(ti glucose( | ), improved glucose tolerance and Li J. B. et al.,
) insulin resistance. 115)
G-Rel (300, 500 mgfkg po, 8wks) - Activation of the AMPK pathway (2018)
- Blood glucose level and insulin resistance index ()
- Blood lipid profile (T-C, TG, LDL-C) (! ) .
T2-DM rat model - Improved liver function 88?7;}]{6)& al,
- Antiapoptotic effect, inhibition of JNK activity, and
suppression of inflammation
. - Glucogenesis and blood glucose level ()
izll)le-nffde dm(lg;;nljﬁlﬁ?cg:n_ - G6Pase and PEPCK gene expression () Liu Q. et al.,
(50 m gg/k ) - Suppressed hepatic glucagon response via regulation of (2017)“8)
& Po AKt/FoxOl
Diabetic ob/ob mice - Fasting blood glucose levels (1) Xie J. T. et al
(7, 20, 60 mg/kg,, ip, - Serum insulin levels and glucose tolerance, insulin (2005')96)' ?
5~12 days) sensitivity (1)
HFD-fed rat - Improved insulin resistance through inhibition of JNK and Zhang Z. et al.,
GRe (40 mg/kg, ip, 2 wks) NF-xB activation (2008)™”
- Blood glucose, T-C and TG levels ()
STZ- induced diabetic rats - Protective effects against oxidative stress in the eye Cho W. C. et al.,

(40 mg/kg, ip, 2 days), or
20 mg/kg, po, 4 wks)

and kidney of diabetic rats.

- Significantly lowered C-reactive protein (CRP) and

alleviation of inflammation

(2006a, 2006b)'*"

186)
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Table III. Continued

Ginseng types  Animal model (ginseng dose) Effects and possible mechanisms References
?Clﬂ“sl%-afi%}r)nce - Blood glucose and TG levels (! ) Quan H. Y. et al,
- Protection of hepatic steatosis (2012)22)

(5,10,20 mg/kg, po, 3 wks)

- Fasting blood glucose level ()
HFD-induced insulin resistance - Improved Lipid profile
in C57BL/6 mice - Improved cognitive dysfunction
(5,10,20 mg/kg, ig, 4 wks) - Rgulation ACh, AChE, and antioxidant systems
in the mouse brains

Kim J. M. et al.,
2017)""?

- Blood glucose, TC, TG, Lp(a), VEGF, IL-6,
phosphorylated(p)p38, pERK1/2 and pINK () Shi V. et al
- Insulin and HDL levels (1) 201 6).120) ?
- Antiangiopathy effects via activation of p38MAPK,
ERK1/2 and JNK signaling

High- sucrose- high- fat diet,
alloxan or STZ -induced T1DM

and T2DM rat model
(20 mg/kg, po, 8 wks)

STZ- induced diabetic rats - Beneficial effects on diabetic renal damage
. Kang K. S. et al,
(5, 10, and 20 mg/kg, po, - Serum glucose, glycosylated protein () (2008)'23)
15 days) - AGE and TBARS ()
- Prevention of progression of renal damage and
dysfunction in type 2 diabetic rats
LETO rats and OLETF rat - Blood glucose, TG, T-C, TBARS (!) Kang K. S. et al,
(5, 10 mg/kg, po, 50 days) - Urinary protein (| ), Creatinine clearance (1), iNOS (2010)'24)
and N(epsilon)-(carboxymethyl) lysine protein
expressions ()
ICR mice(in vivo) - Oral glucose Tolerance Test (OGTT)
G-Re3 (12.5, 25 mg/kg, po) - Blood glucose level and AUC () Park M. W. et al.,
& C2C12 myotubes - Insulin secretion, phosphorylation of AMPK and (2008)45)
(in vitro) acetyl-CoA carboxylase (ACC) (1)
- ICP/mean arterial pressure value (1)
- Apoptotic index in corpus cavernosum cells ()
STZ- induced diabetic rats - Significant changes in the expression of cleaved caspase3, Liu T. et al.,
(10, 100 mg/kg, po, 3 months)  bcl-2, bel-xl, PECAMI, SMA and SOD or MDA level (2015)""
- Prevented degeneration of neurons in the dorsal nerves
and exert an antioxidant effect in the corpus cavernosum
NCI-H716cells(in virto), - In vitro: glucagon-like peptide-1(GLP-1) (1) Kim K. S. et al
T2DM-mouse(db/dbmice) - In vivo(OGTT): plasma GLP-1 and plasma insulin levels 122) ”
(2015)
(0.5 mg/kg, po) level (1)
Fructose-rich chow-fed rats - Plasma glucose level, AUC of glucose and insulin ()
. . . . . . Lee W. K. et al,
(1.0 mg/kg, iv, 3 times daily, - Delayed the development of insulin resistance and 127)
. L he (2007)
3 or 10 days) improved insulin sensitivity
Wistar rats L Lee W. K. et al,,
(0.1-1.0 mgkg, iv) Plasma glucose level (), plasma insulin levels (1) (2006)
- FBG, heart weight/body weight(HW/BW) (| )
STZ-induced model of T1D rats - Improved cardiac performance; attenuated cardiac fibrosis Lo S. H. et al,,
G-RI2 (5 mg/kg, ip, 28 days) - Improved cardiac function and fibrosis by increasing (2017)*

PPARS signaling

- Improved glycemia and glucose tolerance

- Serum insulin level, B-cell proliferation (1), Wang Y. et al.,
B-cell apoptosis () (2012)"*

- Activation of Akt and PDX-1 and inactivation of Foxol

C57BL/6J mice with 70%
partial pancreatectomy
(Img/kg, ip, 14 days)

Rats with insulin resistance
induced by fructose-rich chow
(1 mg/keg, iv, tid, 10 days)

- Delayed the development of insulin resistance Lee W. K. et al,
- Insulin sensitivity (1) (2007)"”
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Table III. Continued

Kor. J. Pharmacogn.

Ginseng types  Animal model (ginseng dose) Effects and possible mechanisms References
- Endogenous glucose production (! ) .
G-Rg5 HFD-fed mice - Inhibition of the glucagon response 2151;)7)1\113.0)& al,
- Suppressing succinate/HIF-1ou induction
Diabetic db/db mice - Plasma glucose level, plasma insulin level and HOMA-IR Yoon S. H. et al
CK(10 mg/kg)+ Mefomin(150 index (1) (2007)14'0) ’ v
mg/kg), (po, 8 wks) - Combination therapy was more effective
“FBG, TC, TG, LDL-C, BUN, UA, Scr and MDA: (1 );
Diabetic rats by high fat diet HDL-C and GSH, SOD and GSH-PX (1) Shao X. et al.,
and STZ (7wks) - TGF-B1 in renal tissue damage (! ) (2015)'36)
- Pathological changes in renal tissue ()
- Oral glucose tolerance test (OGTT)
Rat model of T2DM with - FBG, TG and TC (l)
insulin resistance using HFD - FINS, insulin sensitivity (ISI) (1) Jiang S. et al,,
and STZ - Improved glucose tolerance (2014)'32)
(300, 100 and 30 mg/kg, po) - Expression of InsR, IRS1, PI3Kp85, pAkt and Glut4 in
skeletal muscle tissue (1)
- Oral glucose tolerance test (OGTT)
- Plasma glucose level ()
- Insulin secretion (1)
Comp-K ICR(12,5 or 25mgfkg before - Improved glucose toleranc
(C-K) OGTT) - Gene expression profiling study in the liver and Han Gm C. etal,
db/db mice adipose tissues (2007)'?
(10, 20 mgfkg, po, 25 days) - Hepatic glucose utilization in the liver (1)
- Improved insulin sensitivity through
- Plasma adiponectin levels (1)
- Prolonged islet allograft survival
- T cell-mediated immune responses and inflammatory cell
STZ-ipduced diabetic‘mice infiltration (! ) ' Ma P. F. et al,
with islet transplantation - IL-2 and INF-y secretion () (2014)"%
(20 mg/kg, po, 10 days) - Proliferation of naive T cells (1)
- Synergistic effects of C-K plus sub rapamycin treatment
on diabetic mice
High fat diet combined with - The expression of PEPCK and G6Pase in the liver and in
STZ injection: T2D mice HepG2 hepatocytes Wei S. et al
O - PGC-1a, HNF-40. and FOXO1 () 2 7
model(in vivo), HepG2 .. (2015)
hepatocytes(in vitro) + AMPK activity (1)
- Hepatic gluconeogenesis ()
STZ-induced diabetic rats - Fasting blood glucose level () Liu Z. et al,,
Malonyl (120 mg/kg, iv, 4 days) - Improvement in glucose tolerance (2009)106)
ginsenoside HFD and STZ-induced diabetic Ifijtmg blood g%uf:osel.(FBG)' t(l') Liu Z. et al.,
rats (50, 100 mg/kg, ip, 3 wks) provement of insulin sensitivity (2013)'°7

TG T-C (1)

*(1): stimulatory effect; (| ): inhibitory effect.

* G-Rb2: ¥t Bt 29 vl9-2(db/db mouse)lX G-
Rb2 F4(10 mg/kg, ip, 47 )= 2= W2t led Rz
4o) A= kel AA A48 THAAFTH =S G-Rb2
7]1%d= silent information regulator 1(Sirtl) 3 AMPK 21
A A2 &stE Fell db/db V2] 44 At
22314 (autophagy) & 3| HAIA 7He| A WEFA T2
WAL AAA7E 2948 B Araslag-e Ax
27188 7153 eledl ez .3 Jaks by 7+
o] A ARG S I AEAE ST AR o

[e} .

E%Z]j_ 9/’{‘:]_.111,]]2)

+ G-Rg1: AW 2o] & STZ-F% Tz HEoX G-
Rgl F2I(10, 15, 20 mg/kg, ip, 12F)E A8t ~Ef X
@A 2 A=x79] SOD, CAT 4 =%, MDA &
2 Ao} AL AEZAS A (Caspase-3 744, Bel-
xL E7hate] S A gl o/ s A
F%5o] Z1EAh"Y =3 G-Rgl F(10, 15, 20 mgkg,
ip, 125°)= glucose-regulated protein78(GRP78), C/EPB
homologous protein(CHOP)®] 7349} caspase-12 protein®]
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[o

S MASFATE T G-Rgl2 in vivo
(HFD-mice)% in vitro(C2C12 %A 3XE)ol| 4] AMPK H=Z
2 ZANA PR AEDAFAYS ARANHAT 2
Fd=H rat modelol|A] G-Rgl2 83} eledl g A
o] 7h4, &M EAPE & FH(antiapoptotic effect, INK EH4]
ANt FEs 23, 28 G A 2 Vs i &
= Bk G ¥4 A= wd(diabetic ischemia
rat model}2 ©]€3}] G-Rgl W= YAHPHRO: YAF 7]
: 79+ 18 nm)= ¥ %A 9] BBBE #Eale] | 7 84 9]
aaet A3 5 FXlske a7 AFE] °o|ZH G-
Rgl Weizhs B A7) gt 4 A8 7Fs
Aol ZIhE A" A o] B glucagon Fi= 2d v}
9204 G-Rgl(50 mgkg, po) FAE 7HlA T 2lAe] o
Ao} FF g ASAIATE Bk G-RglS & A &5
A 4%l G6Pase9} PEPCK #3122 2 A 8laL, Akt/
FoxO1 24482 F3ll 7+ glucagon responseE A3}
Ty Ast aHE BHshs o ogAHGY

* G-Re: AW 202 fEd ded A3JAF v
(C57BL/6 mice)°l Xl G-Re(5~10 mg/kg, ig, 45)& FEA]
dztaet ¥ ded AFAAS A, 2= HAA
acetylcholine(ACh)#} acetylcholinesterase(AChE)2] =4 3}
kst =gl o] 2AE Fal AR E AT &
& 2" 857 IA2o] Fof F alloxan £l €]
3t 13 =H(TIDM) = 2 STZ Fofof| 9|t 23 T
H(T2DM) H= 2doA G-ReF2](20 mg/kg, po, 85 )=
&, TC, TG, lipoprotein(a)(Lp-a), VEGF, IL-6, 214+3}=
(p)-p38, p-ERK1/2 2 p-INK®] F2]¢] 7+49}, o7
HDL FX& S7HNZth ©]24 G-Re: p38 MAPK,
ERK1/2 31 INK 21538€-S 53l TIDM 3 T2DMe] 27
GAOA 3 BS &3 anti-angiopathy effects)S LERE
T 9eg Bo FALH T3 wA o] w20l G-
Re%Fo(5, 10, 20 mgkg, po, 35 )= 2 TG 219 &
et 7hA2 7R W5 (hepatic steatosisyS- lW3IA T Q1A
ZHIA| ZF(HepG2 cells)E ©]8-3F in vitroollA] G-Re *2]
= Aol #od3h= sterol regulatory element binding
protein-1c(SREBP-1¢c)9} 29| ® A FZ =<l fatty acid
synthase(FAS), stearoyl-CoA desaturase-1(SCD1)2] ZA}ZE
AL Ao o]yt a3= AMPKe| &AslE 53
RAE = o2 AAR . o]24 G-Ree= AMPKE| 24
3k Foll AEBEH A ESE Mt e AR
I ol AA dFE 7R A2Y B SApelAl o) gt

o,

15

I 7134 8-S A3 in viro(3T3-L1 cells) A2 2 in vivo
(HFD-fr= HE) T3 (40 mg/ke, ip, 25 )14 G-Re #]
e IxY 52 SR8 sd A3HES A3
Zo™, B8 G-Re= INK®} NF-kBS] &4 A& B3l <
U APFS eAle a8 Bank

* G-Rg3: STZ % 3= ratsollA] G-Rg3 F4(10 mg/
kg, 100 mg/kg, gavage feeding, 3711¥ )= 3 A7 20|
e Hat sEA W JFACP)H T TUY e TR
o} folakAl =Tt FWA W SOD 3 MDA 44| Hsh
oF Alzo] ME 2Pd A HUATh o] 24 57 vjH-A1A
(dorsal nerves)ollA] o] E&S WA|star 9] alfHA ]
A kst a3E UF)she Aoz Bk Ay #hlA
EF(NCI-H716)°1 4 G-Rg3, -Rh2, -Rg5, -Rk17} 743 3
glucagon-like peptide-1(GLP-1) #¥] 35 Hom 15
oA C-39 C-20 H1A9l T #A7F -2 G-Rg3A 2 7}
7PE 7het a3 B Bk 28 gaH mle-2 2E(db
db mice)ll A AFEET F-oF AAF A2, G-Rg3(0.5 mg/
kg, poye 8% ¢l&d3} GLP-1 X8 Z/A gy
BHE BT G-Rg3® S 2] 8A vzl Als
A 74 Z(sweet taste receptor-mediated signal transduction
pathway)E 3l g WitH] A|2zollA] GLP-1 #9115 A=
slo] 8 v¥g axs Yehlle 202 AAHG. S1Z
= =l A=) G-Rg3 F4(5, 10, and 20 mg/kg, po,
159)= @ AsoM S7he I8 HRg I3
4, #HEI3MHE(AGE), A A 2 F5HE(TBARS)S] #-2 ¢
AaE fEste] B AFd 783 235 B3lon,
ol2]gt gvh= Akshd AEH A Wolgdel dhEE Ao
2 AR A28 F=r F(LETOFpPlA 217854 2
ol HA= 2254 7FRIAHHPG: 100 mg/kg) 20(S)-
Rg3(5, 10 mg/kg)®] 5047 415 a3E AR 2
A3 " (blood glucose), TG ¥ TC 4|9} X2 z4ts}
o] A E(TBARS)S} 20(S)-Rg3 Foiol 2J3)] #-2l8HA A
S, FHA Al BSe] X3RS 8F W X] (urinary
protein leve)= 2] 3HA| THAEA AL, A otE|ldH &
(Creatinine clearance)= 2|5 S71EH). |24 20(S)
-Rg3°] 4F3} 2E# A g XeE I3 HF e IS
AAst 2 @ B F O AT 2 75N 18
<& dsitke A8ke S7171 AAEE Y

« PPD and PPT Saponins: HFDS} STZ = 28 9
=W 24 npe-220A PPD saponins(G-Rg3(S), -Rg3(R),
-Rk1, -Rg5 &31E)} PPT-type saponins?] G-Rhi1(S), -Rhl
(R), -RK3, -Rh49] ZFHE (50, 150 mg/kg, ip, 4 wksh=
a7, JudE el A 7, 85 T-C, TG,
LDL-CS] 74, 954 Aol E7IRI(TNF-o and IL-6)°] 7+
2>, 8% SOD 571 2 MDAS] A3ks fr=sliint. tl$ol
PPD®} PPT AREUS] s 3= FHEA0R ¥wd A
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Aol Foslis FAEREJAAHPGC-1a, PECK, G6Pase)2]
A} W& o] A9} Te= 7+ ZZ]olA microsomal triglyceride
transfer proteinMTTP)e} 722 A WiA} F-4A2F wd o] =
AL S mfEe Aos AR gk

+ G-Rh2: Rato] G-Rh29] F9(0.1~1.0 mg/kg, ivyi= &7
o)A duiet 4 ded £ 2 €4 C3Eel=
o] 2712 Bt 1371 (high fructose) 21°] ratseld G-
Rh29] WHE Foi(1 mg/kg, 33]/1Y, iv, 3Y Ig)E ol&d
AP o] WAS A AA AT STZ F=8 i FHold=
G-Rh2 %4 (1 mgkg, 331/14, iv, 1089)= WU d=d
(endogenous insuliny®] % 3} 288 F7MAA A&
RS e 2AE BAeh) 70% R A9
AleS Al FH2 Bcell AR 23k G-Rh22] & &S
T35 A5 TE G-Rh2 FAK1 mgkg)= B-celle] 52
E S7FeF Al APEHIES AT ol8g 2= G-
Rh29] Akt % HER|ZoA WRE= T8 AARIAR] PDX-
1(Pancreatic Duodenal Homeobox-1 Protein)] 4] 3}<o}
FoxO19] Egdstel M EF7] el o] 248 Faf ¢

e Ao® oAAF" 3 3T3-L1 adipocyted 4] G-
Rh2= AMPK A1S 7 =¢] 24515 53] CPT-1¢} UCP-2
of 7he AHis] A faxt HES fEske] dHT §
32 FEst ) STZ 5 Tl A= B G-
Rh2 F(5 mgkg, iv., 28¥ )= 38 3 AAFA AT
H|o] S717}F AR, B Fo A7 5S PR

4

AL, A A3 A RS s

» G-Rg5: ZAW4] o|(HFD-fed) PH$-2=914 G-Rg5+
CAMP A& HAAT)AL 7HAe] cAMP ¥R A4S A
A}Q12H(cAMP-response element-binding protein: CREB)<]
2 2likslol] ofs)] F2lAle] 28 2IAR] PEPCK 2 G6Pase
o] AAZHES JA|sHH, 7HA| Z A succinate =2 H
Hypoxia-inducible factor-1a(HIF-1a) 23 2] A& &
glucagon HF$-S k8171 &2 BTk A4
& d=sto|HH(AD)Y] Wlol Fa8%k s o
STZ %% AD ratsolA G-Rg5 F4(5, 10, 20 mg/kg)= Al

= q

of

F-i'i ==

13

=

T ol

AYZ Wh3-S oFIAIA(COX-2 E INOSY] wale] 7k &
) 719 g5 Aol MAAT= &35 BAh B3 G-

Rg5 Foii= Hafut F-919] AP H 2 Zha9k AchEe]
ChAT®] %7}, IGF-13+ BDNF #& 7} 835 Hol G-
Rgs= ADel| f-84°] AT

» Compound-K: HFD and STZ #%= 28 9= 24
A=oX PPD FA|=Ato] =] ZhliMlst thARAIR] C-K F
1(30, 100, 300 mg/kg poy= FBG, TG TCS] A&}, F-EA]
HZ QAEHU(FINS) od&d UAISHY] 7t 342 =
2ol Ql&d 484 F+-2H(InsR), IRS-1, PI3Kp8S, pAkt,
GIUT4¢] e d W e] S7H5 S Z o]24] C-Ke
dg7tal 28-S PI3K/Akt A THE ARl DHI Aedo)

Kor. J. Pharmacogn.

A A& 7] ANl o8l mifEtkaL o AR
AT Fai Aol dedity] g Alxze] sz <l
5k Whd 2prpAeiAstolt P g o)L ol EAS
AR £ 228 S 272 5 Yk
Ma 52 STZ 1= B=H rhe-2olA & o2 & CK
0320 mg/kg, po, 104 Y= THIE w7l HeIuke-S o438}
32 NF-kB #8 215 9 77 (anergy) A A el &
osh= Aoz Btk &3 C-Ke Thi, IFN-y 2dS 74
2A71AL ]2 HE0] fdl F83E HEE She regulatory
T cells(Tregs)2] AAS S7MA AT HEo] C-KE =0
gk =Ado] Y X887 o5k rapamycint BEA] 7
H3k A5a 32 BT Shao X 5¢ AP A=

(77 )= B F29] FBG TC, TG, LDL-C, BUN, 22HUA),
d+ AYo}EU(SCr), ¥ MDAE #4A)7]E ®¥bd HDL-
C, GSH, SOD ¥ GSH-PXE FJAZTH E3F C-Ke= 1
234 WstE MAstaL A 22 GA FAHSS 214
(TGF-p1) &8 w89 72X ATEY C-KE in vivo 2
HepG2 M2EollA F 214 ¥ =8 G4 (PEPCK, G6Pase)
o) og ot Pk T} AXHA. old] tha 14
019} STZ f2 P92 RS ol 84 789 7e C-
K4 (30 mg/kg, po, 47 )= PGC-1la, hepatic nuclear factor
40(HNF-4a), FOXO19] S 7HAAI7|HA] AMPKE] €&
435 A A S7MAZH o] ZH C-Ke] ZhellA Al
A A aaE FEFHoZ AMPK 4315 S @y
£ Aoz AAZT? AMPKE UAtALe] F8 2HA}
22X 8, 749 triglyceride +X9F = A #4 §
2} AAE AR ICR AR E o83 AT X
g AabellA C-Kel B ArFEde Jdediy
sto] @ 2= FAE A7 o]H g AHE- 0
% ATPol| RI7HsE K'Ald o] xpdkst o] e A o
AT, C57BL/Ks] db/db nH-25 ©]8-g AFelA] CK
Foe &3 o&4 35 duias ded VIR Ix
ZF W3S AWAAF T SAl CK Al Al Al 1)
A& AL JIEAS ST Tt A 14
2} vk g2 wldd) A% (gene expression profiling study)°ll
A CKAZE 7He] 229 tiAkE, 1 W 2= olA
ZEgolgo® Hegom &4 adiponectin T2 7t
AA Q& ZAEe IAZEY
A ¥t 715kl MET(Metforminye 28 T 32}
X g wF7] 98 THAIEA AMPK E43
S Zo]3 Tx glucose AFHE /M
2H led AP S FATIH EF 22T e
2131t db/db micedl X C-K(10 mg/kg, poyes ¥
Q1(150 mg/kg)et 8577 W& FoA] HEXT e QW
Hlaste, 87 ¥ v %), 8% dEd 74 3 HOMA-
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IR A& W B g3p3o| ek

al
2~6 g)F floFE WAR FoJslil X F-SA A (S0 g,
OGTT) 23, 2= 4lst d4(AUC)S| #2l3t A4as

4
2
o
(o)
%
ofr
ok
];o[,
<|
&
X
A
b
i
32
=
o
b
rot
>
oo
N
<{
i
~N

=

22 A4 28 g I n=19)F oz 18349
715 a5 AV olF A AAAIFEHOE I
S 6 g, YT T Ao Wes A3,
HbAlco] THA &= HolA] Zpon), kA Sssh
Idxds fA0H, 35 Al d3A8H-8~11%), =
T AUCS| TA2(27%) BT T3t 84 Jed 5% 7
22(-33~38%) % =¥ WA A5 WA (S ok tiE]
+33%) 875 1B, T FAEle] ey og KRGY
gg0] ANEATE 28 B Sxp2lol eIt dgd
A B8 FoE e R Qi (n=10)2 ¢l (n=10)
o7 FEste] 25 AP O R A7f 47 Q14
(369 mg & 13] WY 31F 33]) & 9okS WA= Fo
ST 47 & AT X H38) ArbollA] 4kt 9ok
AFT vlsl ded A A EHOMA-IR)] frelgh 7+
2QVAHE -45%, AR -12%)9}F B8 A GA|E a9
A= AT o|2A QI4te] JlEd AL AT EH
T L] Aoy 1 IR EE fAATE Et A
AP TEhe AA 7 dgE 2dske Y
< T, dsdole 9= X gES S7HI7IE
2" 3 WA RS gy a9 X529 A %9
Eo|t}." Ha FEA] Al (IFG), W5N(IGT), 2
oL A2 ZekE 28] Bl X AR SAEH(n=21)
I 91 (n=20) 0.2 st o|F WA dAIEH R
KRG(5 g/2)et $19kS 7H2} 1277 $ol3h & sl AA}
Z SIStk SAES el vls felst &

T4 AUCY ZAagas B tLo] 8% deds <l
& AFEZQ] Cpeptide =S H|E3 2= A4H A
AAE] W&} BRE AT B s

& J

et 7|E2R 79 34 T4 < (Renshen Jianxin
Capsule: RIC, 13.5 g/day, 205°) oI F(n=40)3} =2
(n=40)(metfomin F1)9] &35 ZARBIYGL 5 5 &
o & IS 2 FEIG, &l Tt ded A4
A gre] S Hol FlEe] ded A Mdast
FREAE 1279 28 B SAE Ui gk
2RO R 32 i FEE(ginsam)9] Fof S
370 AR5 g, 2.0 g, 3.0 ) ok N (22 n=18)
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TREle] 8F7F Fo3IA T ginsam Fo]-S $] okl H]
al HbAlc X9 28t 7HAE BT, 348 A 3|
= fosH AskEQder. T3 HbAle =171 0.5% o3 7+
2% Bhxle] v &2 ok 11.1%el Hl8] ginsam Foi
27.8%2 93 xjolE BT} FoEnket Hahg-2 kA
2] ekt 28 gy Stel Y AelE 711
e W m=42)0= Ta FAHHFRG)(n=21) FoIwt# 9
O (n=21)0. 2 et 2% WALk A PHe R &
B 2 A% do)] ne a3 2ARIIH FRG £
(2.7 g/day, 47y 1okl visl A% d93 £=7 AUC
o] fojgh AE BoY & A] ) led 2 AF
g2 sk 2folE HolA] AT FRGE 8 4kl
vl G-Rg39} C-K o] =& Zlo] EA4# 01t Park
BN 52 FEIENE 7k 2399 odAE o=
7t R8sl 914t3Z E(hydrolyzed ginseng extract: HGE:
960 mg/d, 85)S FoIgt IE(n=12)} FIeFFAT (n=11)
o8 PRt FERAAE AT 38 2 2S¢
F A= HGE Folwto] flektel sl f-2lstA A st
AL, SFAA A HE) frol 3t Wz BREA et F
< Choi HS 52 F5A] @3o] 100-140 mg/dI}] A=
HFo g olFW AFHEAIAHOE MG FZE
(GBG)(n=34)7} YFE(n=38)>.= &3l GBGHF (1 g/
o, 127) 7o &= AT o 127 § FEA €
T A 2 AT S HAHGTTY AR, 35 89 110
mg/dl oS 7R FEAREANN FE E7 2 ¥xF AUC
o] foJst AagaeE Bk 93ne] #1747 A4S T
AR 2T WA O 2 BE T B} 9okt
o2 Fiste] P A it TR WSl H|X=
T35 ZAMSIATH 237 BESA BT RFHE
dehydroepiandrosterone sulfate(DHEAS), growth hormone
(GH), estradiol(E2)°] o3t 57F5 ®IaL, 53] Gt
Z(HbAlc), ¢1<&d, 18]35 HOMA-IR £X]¢] 742 B
o} o]t Axbe H7A7] o9 Sy oWl e st
o] fr84o] Y& AN dH FEAE A G-
Re AHo] drzdy} oed WS /AN 24
8 SR o] WA o3 AHE 22 )
TRl e AR AdE FaH IRZA A FmM
YA n=15)% ez d&d AP A a3zt e
A& 2RI o]F8 A FFRAdAY o SFEE
(8 g/day)Zt G-Re(250-500 mg/d, 45)2] Ztz} B A
oL}, AR vlg, A& A A g A7l
gt ofH 83 a3 AR Aotk 5 ATAES
AFE E7F gl A2 A G-ReE T Fo G-Re,
-Rbl, -Rb27} oA HAEHA ot Ao &-&o] &%
&17) wjolgty A8AATY e 4732 i GRe
Fo & dF G-Re®t 2 tAFAI(G-Rgl, G-F1, G-Rhl,
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PPTY} AZHYL, A= A G-Reo] A7F] & B
ol G-Re¢} 2 AR (G-Rgl, -Rhl, -F1y7F HEH]
o} B3 Reay JL 5 A%E APAE o g oF

B AFz A2 HHOZE AMHKRG-Ex, n=14 &=
G115-Ex, n=23)2] ¥4 F(200 mg/d, 57¥)= dF=x4d

Table IV. Clinical experimental results of ginseng on diabetes

Kor. J. Pharmacogn.
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e A Inks B ]&g;} 1) orok
A 2710l dEitE AR el odar, ddx
Aol Aol7} g AT 2 237 YehbeA] ] o
i F7HQ At esiha 2o (Table TV 22
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Ginseng types Study design

Dose/duration

Effects Ref.

- Double-blind, randomized

2,4,6 g(single

KRG . - KRG-rootlets treatment : 17% Sievenpiper J. L.
(rootlet) placebo controlled trial dose) before reduction in glucose AUC et al (2006)141)

- Healthy subjects (n=7) 50g-OGTT & .
KRG .
(30 %EtOH zz;‘zfvzl“t‘gaflaceb" control 34 single dose) - KRG-30% and AG-50% Ex. De Souza L. R. et
Ex., AG50 % Healthy subjects(n=13) before 50g-OGTT  treatment: insulin sensitivity (IS) (1) al, (2015)"
EtOH Ex.)

- Double-blind, placebo controlled

- Plasma glucose and insulin indics (| );

ISIHOMA) (1) Vuksan V. et al.,

KRG trial . 6g/d, 12 wks - KRG treatment maintained good (2008)'42)
- T2DM patients (n=19) .
glycemic control safely
) . - Fasting blood glucose and blood
Ginseng ];gllble-bhnd, placebo-controlled 2X369 mg/TID, insulin levels ({) Ma S. W. et al,
. . . . } 143)
powder - T2DM patients(n=20) 4wks trlsl)ﬂm resistance index (HOMA-IR) (2008)
- Double-blind, placebo-controlled - Blood glucose level and glucose
trial AUC (1) Bang H. et al,,
KRG - IFG, IGT or newley diagnose 3 g/d, 12 wks - Serum insulin and C-peptide level ( (2014)146)
T2DM patients (n=21) )
Ginseng . ]t?i(:;ble-blmd’ placebo-controlled 1.5, 2.0, 3.0 g/d, - Fasting Blood glucose () Yoon J. W. et al,
. . 148)
vinegar Ex. T2DM patients(n=72) 8 wks HbAlc level ( 1) (2012)
. Df) uble-blind, placebo-controlled - Postprandial blood glucose levels,
FRG trial 27 ofd. 4 wks \ Oh M. R. et al,
- T2DM or impaired fasting e : Ig’lc?sctoizn(?iglcin(suli)n levels (1) o14y™
glucose subjects(n=42) P
- Double-blinded, placebo
controlled, randomized trial - No significant effect on improving Cho Y. H. et al,,
KRG - Healthy overweight or obese 6 g/d, 12 wks the insulin sensitivity (2013)162)
adults (n=68)
Hydrolyzed - Double-blinded, placebo- ] . .
ginseng controlled, randomized trial 960 mg/d, § wks Fasting and postprandial glucose level Park S. H. et al.,

extract (HGE) - IFG participants (n=23)

) (2014)"

- Double-blind, placebo-controlled
KRG trial

20 g/d, 8 wks

- Fasting blood glucose levels( | )

" T-C and LDL- C(1) Shin S. K. et al.,

. (2011)""
- IFG participants (n=45) - Serum TBA levels ()
 Randomized placebo controlled - Significantly alleviating renal function
study 500 mg/d, po. impairments Xu X. et al
G-Rbl + Patients with early chronic 6 months), > : Re?iucin the extent of oxidative (2017)'167) i
kidney disease G-Rb1(n=103, £ . .
stress and inflammation
placebo(n= 94)
- Double-bli 1 - 1l
KRG and ouble-blind pr.«,lcebo controlled, - No effect on gluco-regulatory
cross-over studies 2>X100 mg/day, po, . Reay J. L. et al,,
G-Ex. . Healthy volunteers(KRG d parameter(HbAlc; fasting plasma @ 009)156)
(G115) Y 37 insulin, fasting plasma glucose level)

group:n=14, G115: n=23)




Vol. 51, No. 1, 2020

Table IV. Continued

19

Ginseng types Study design

Dose/duration

Effects Ref.

- Randomized placebo controlled KRG extract 3 g/d,

- No evidence was found that

study for 2 wks, then 8 g/d o . .
éf}g - (Obese adults with IGT or for 2 wks a('immlstfatlon o.f ginseng or ) ée(;:ldls)lls)j)N. et al.,
T2DM patients (placebo n=5,  G-Re(0.25 g/day or gmseposnde ,Re 1fnprove.d. [}ce
KRG, n =5; G-Re, n=5) 0.5 g/day, 2 wks) function or insulin sensitivity
- Double blind randomized trial, 700 mg/capsule
FRG Healthy postmenopausal women fid2.1 g/d) po’ - Levels of DHEAS, GH, and E2( 1) Lee KI2J et al.,
volunteers (placebo; n=44, FRG: wks > B - HbAlc, insulin, and HOMA-IR( ! ). (2013)"?
n=49)
- Randomized placebo controlled
trial Extract powder, 390 Fasting blood glucose levels( | ), Kim H. O. et al.,

FRG mg/capsule, did (780
mg/d), po, 12 wks,

- T2DM npatients (placebo n=18,
FRG n=20)

HbAlc (1), HOMA-IR( ) 011)"*”

- Randomized clinical and pilot
study

- Males with metabolic syndrome
(placebo, n=30; KRG: n=32)

KRG

3 g/d, po, 4 wks

- Diastolic blood pressure (),

- Mitochondrial function (1), total
testosterone (1), IGF-1(1)

- Favorable effect on mitochondrial
function and hormones in men with
metabolic syndrome

Jung D.‘H. et al.,
(2016)"”

- Randomized, double blind,
placebo-controlled trial
KRG - Subjects with metabolic
syndrome (KRG: n=29,
Placebo: n=31)

1.5 g/capsule, tid
(4.5 g/d), po, 12 wks

- No significantly affect blood
pressure, lipid profile, oxidized low Park B. J. et al.,
density lipoprotein, fasting blood (2012)'Y
glucose, or arterial stiffness

- Randomized, doubl blind
placebo controlled trial
- Healthy overweight or obese

- No significant effect on improving Cho Y. H. et al.,

KRG adults without overt diabetes 6 ghke, po, 12 wks the insulin sensitivity (2013)'62)
and hypertension. (KRG=34,
placebo=34)
- Randomized, placebo controlled .
’ - TC, LDL-C, TBARS, apoB/apoAl Shin S. K. et al,,
KRG trial, IFG patients (n=45, 20 g/d po, 8 wks ) apoB/apo o (;1111)157) et a
44.9+3.1)
- Randomized, placebo controlled .
RIC trial, t]ifij i/d’z(;‘kaf - Improved FBG, INS, ISI (LZ'O&)%‘ et al,
- CHD with IGT(n=40) - PO '
G-Rgl + - Non-controlled trial .
) . - - PPARy mRNA levels (1) Ni H. X. et al,
G-Rbl T2DM patiants(n=112, 41 mg/d, 2 wks - TC and TG level (1) (2009)133)

mixture G-Rgl+Rbl: n=70)

*FRG: Fermented red ginseng; (1 ): stimulatory effect; (| ): inhibitory effect.

Y XA 9 SRR 7N St - FEITENE 7t
2 HEFAH =455 o= 4R d9 €3 A4
ol HAe S AT RS i (2 g/day),
A B4H20 glday)S &F Ft Foaidin &4 F
oA FEA] e folgk el 93 FEdUEHES
LDL-C¢t Non-HDL-C3Hg%= Z7] 71*]X]ol] H]af #|5l=]
o AEAFAARE L2 apolipo-proteinB(apoB) <}
apolipoprotein A-1(apoA1)2] H]E&2 %7] 3.00014 2.52 7
2FTh Ao TBA A% 27] 71X vlel 2]
sHA AstE A ol AHES SAFAE 5
£ 7R Al @RS FEEES AarE 3
S ARG SR sEe] a2 A TiAL

ZA-o)| 23 982 = PPARyl P& Aol =
2HE JMAEE S F8l AT oln] AFEA A (in
vitro, in vivoyg &3l M| =Al] =7} PPAR w7l 7= &
ojalm’? gt @ gy 92 7pH 2 9lgol vt
A olgst A9E 7|2E Ni HX 52 2831 34}
(n=112)5 = A=A = FodF(n=70), HF 4 &
BRI ST (n=42)0 2 et A ARl RS G-
Rb13} G-Rgl(41 mg/day)yS -3t AHAES FAFSII T
7tz FgAe] vls] B 2= PPARy mRNA
o] folsHA Alstalal ok, AkAl]| =(41 mg/day)E
277 Fol & oo SR, S A9 T2
HE7 S8R FAE s 2=l ol g A3

ol

=
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£ AA|eAto] =71 PPARy a3 A tiALE RAAI7 &
s Ko, 29 I XEE 93 HXOHARN 28
2ol AN EAE Y A AT 28 ] Wy
< At 4 d S AR D el 2] g
FA 3 He] gl A 7] Wl HxF FIhEA 3
o' Jung DH 52 ASFS 71 93-S ok
(n=30)7 KRGE(n=32)0.2 LE-3to] F2k9] $JoF =z
A8 A3}k KRG T3 g/day, po, 45°) ©]gh7] dst A
3}, total testosterone®| =7} % IGF-1 &7}, 283
mitochondrial function®] 7§14 &= HtE™ H2 nE
2ol 715 ol A28 P dEd APl
U A 23329 93 Zvle} #Eo] Q= Ao g AER
3Tk A F5E BAH=60)S TR AN E
2 olFWy ez gudiE T Fldsy
U, 127y} B A TR, A5 AU A, 38

g;} TE 59 72 X (arterial stiffness)ol] 9GS X
AAEA] gkt FEAY 2US o] g3 that
gk Q14e] F-8&3 a3Eol v HLQ"iOUr
"l vigt $7= F=8lth Cho YH 52 1
Z &= v A2 (n=68)= thOi KRG ¢
, 1255, n=34)9} S1eFFA (n=34)7} Ql&d Aol

HXE=A]E o|Ew7] O]OkEHZ}\]EJHJ_i ZAEEA
A3 KRG ?04 oy xdgte] gle A
gt gake) Sl e AfAskA Felin'?
EEE XS - hb‘é*é A7 o Wk, 2E|ar
AS(EE)e] Bxe] F2 HToE dHAL )
= STZ) of8f fi=sle T3 A=l KRGF (200 mg/
kg, o 1057 )= g5l #ostke F472H] mRNA
HAsA o 2] S-S AT BT S
Ol Zﬂ/‘lEl"*E} 9 w3k A7 AT7E Bl ksl 2
2 H 5 AF At A1 04?53 AT 4l sk G-Rbl
o] B3 gso] HaEon, 164-160) WAy mhag A2
%H(chronic kidney disease:CKD)& WH-3-A] S kAol 9]
g A8k 2EG A7 dofshe AoR AR Stk Xu
X 52 7] e Y2 A 27] TWIAs s ud
S 2 G-RbIFATE(n=103)4} ekt (n=94)° 2 Hlg3le] G-
Rb1(500 mg/day, po) == 9192 A% /L7 T3t
27158 ZAFIATH A3 715 % 7 (creatinine 2 urea
clearance), A3 Ed| A~ 2, 95 W 2 A 2291
2 2ARE A3}, GRbI Fole 715 Aol E Flak
I FHA WSS WY, ABEE e 4%
Xgr: 7:]7]—0]] 3_5]__,,].;(—10]0}\;(]1:!]— _',]OL?_oﬂ}v]‘—— x]_z‘;{—]o] O]’ﬂ‘
7} #ZE AT WA G-Rbl FeiE CKDe| 27] G ¢
A ARG 237 A% FASARA F840] UE RO
2 AP g g A1) ool HAE KRG
o] 717H(1986-1995) 52 AWM 1 E4ke o8 E4

O
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3 A 215 (diabetic nephropathy)S- 711 107¢] Z-o
A sé‘?ﬂ—'usﬁ]% WA H B} 1S oF TH(SF 7%) 224
ks B

& 79 & ol %EHE’ **s_ et q5lsn -
670}?‘_51' }‘6]?_] ﬂ@x}(n—13“’;‘)~ EH}\]'OE 0]? .11_7(]- ] ‘?j

7k Aol S wakst 28 24 3 g
A AHAT 5 A5 dIHsE ARSI PltEThe
ZEE)PIM T Astazrt A ATHE o tiH] AUC
Bt 27% 4. AREGREA A3 FoETE Rl v
aholl X1 gol FHrE o AL v A E), HaHFA
%5 frolgh ddAst a5 HolA] FUTE o] ZH Q14
g et Bake Alrdole] thE Adwe] g3l 719l &
g0 AR w3 A73e 40e WFe = & Cho
YH 59| d7elM= aefg4te] nlakrol(6 g/, 125 )elA
TEEGoY led WA i de BolA| °L°L‘:} 1
v SRSt 2eEate] mlak o6
_%_)L— olgd WA A EFE B AFAHe 2}01;3
ot} b olabe] Heojw R zAo] Alolst u]}\ljr/].
—zn‘ELoﬂ gk a3e] 2P tsii e 55 U B o
T7F dashtal Eoh 2 FfurielA AR JIAE
Al ©1Ake] OERS UFH-E TrW AZE QA = 54 g
% HISOI 50% R TR oIRHE BT} Sk 30%
oA 2% B SR Lgﬂ o] frolgh
77PEJ+7P HEEAT o7 ofeks Tt =2 F
ZEoA Aol = ko] E7] tLHv”:"ﬂ olgt AH=E
HE olate] PP EAL AALEY AR Furo g
Hbe e 91 Aoz BV vl Qite] g
= B R M BIALEIAIY] 88 EE Y] a9
oA ¢ fls AoE B, 53] 84 22 <)
A TR AEe] gy BT i BaEgle T =
3] AATHRA i TR E vaRTe 20| Sl
E3L, ATHEA e B3F e AR HAEd
ok 0 mEb H 2 QAP = HARE A AR
FEAS YN eke ATEFEC] ANE Joue 'V F
THO B2 HAREUA AR g 53 Aol I
sfriar ot
Qlatol SHzHoyl it akoiT HEREA — Taw A}
T v A2 e ByE A7Aazk(1el =5, n=770)
o thek AAH L WEeREA S FEl el 9dxd a3
£ AT A A QI HTS thEE e B
Al de] fFo3 s B9 BoU FEA € e
2 (fasting plasma insulin) @ F3}E 2 (HbAlc)s £2I3k
Aate AT 28 G (T2DM) B WEE gl
(impaired glucose tolerance) $HAHE WO = 14te] Qe
A Wiz A dexd 295 vE B4R FE o
7Feiitt. 14170 A+ & &l A7) vlehed] ooz A
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P = A

&9 Folsk 2fol= Aoy M A= TEA g4,
215 ol<rd, HOMA-IR, 28] 3. TG, TC, LDL-C X &
IWAAZTE. o124 T2DM $H4; H= Ee uig gof &
oA g 2 2 Qe Wb R 14k B A9

8ol AN =A™
2 =

gte] W AFA A+ (in vitro, in vivoye B39l I
A4k o1 FEARo] s a9E Holil o33 g
= = ginsenosides®l] 7191%= A OF AR AL YUt 2]
Artol=d g a91E B QlEdREn|9 Qled o)
21704 7). @3HG-Rbl, G-Rg3, G-Rh2, Compound-K, G-
Rgl, G-Re, G-Rk1, G-Rg5)E HIE3te] ZHi )l 2=
AR 2F8-(G-Rbl, G-Rb2, G-Re, G-Rgl, G-Rg2), A%+
2 Z5xAoN TEFHY FX(G-Rb1, G-Re, G-Rg3, G-
Re, G-Rh2, C-K), &85 2 &8s} a3HG-Rg3, G-Re, G-
Rgl) 5% Sd) 2= E Aoz AAHAL. oF2 o]
3l ginsenosides 32 FQ EA7|AE Lt 53 ¢
W GLUTI1, GLUT4, SGLT1 {47} wale] Z7}, ¢l
A&7 B 11B-HSD1 <A, HOMA-IR 744, A|Aks)
=71 444 CPT-1 57F 2 AMPK €43}, PPARy €43
3t, FEEY 4 2§ WA A AEE PBK/Akt Al
3 AR A3}, AE2 A e #EE Sirtl 2 AMPK
AMsAY A2 A3, T XA #-H PEPCK, Gépase
oA, glucokinase S7F, FAME BE 2 A ZAPE A9}
AHEE caspase-3 94, Bel-xL 7}, 4953 #=-E TNF-
a, IL-6, COX-2, iNOS % NF-kB 732 <A, p38MAPK,
ERK1/29} INK signaling pathway &J#)|, &-tst &A=
& SOD, CAT 24 % MDAS] A3}, A|&dAl A} &
#d4¥ TG, TC, LDL-C 74, CPT-1 &4 =7}, AMPK &
A3}, A-FABP 94|, STAT3, PPARy, CEBPo W&l o] &3k
24 522 AANFHAG H B A ATFA
ginsenosidesE T4 & 3 &3} o] o]Folx 1
fradol AAEIL Qlov, 1ak T HIAREUA AR R
(glycans, glycopeptide 5 )= Fd=aasE Ho|i HS:
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